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BATTERY PACK

This application is the National Phase of PCT/IP2011/
005031, filed Sep. 7, 2011, which claims priority to Japanese
Application Nos. JP 2011-078335, filed Mar. 31, 2011, JP
2011-078336, filed Mar. 31, 2011, JP 2011-078337, filed
Mar. 31, 2011, JP 2011-078338, filed Mar. 31, 2011, JP
2011-078339, filed Mar. 31, 2011, JP 2011-078340, filed
Mar. 31, 2011, and JP 2011-078344, filed Mar. 31, 2011, the
disclosures of which are hereby incorporated by reference in
their entirety.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a battery pack that is
formed by connecting a plurality of secondary unit batteries,
such as lithium ion batteries.

2. Background Art

A lithium ion secondary battery, in which charge and dis-
charge take place as lithium ions move between a negative
electrode and a positive electrode, has the following battery
characteristics: high energy density and high output power.
Therefore, in recent years, the lithium ion secondary battery
has been used in various fields. For example, as an energy
source for an electric power-assisted bicycle, a battery pack in
which a plurality of secondary unit batteries, such as lithium
ion batteries, is connected in series may be used.

For the exterior of a secondary unit battery that is used in
the above-described manner, a laminate film casing material,
which is made of a metallic laminate film, is used in many
cases because of the following advantages: the laminate film
casing material has a high degree of freedom in shape and is
lightweight.

For example, what is disclosed in FIGS. 3 and 4 of Patent
Document 1 (JP-A-2010-170799) is an assembled battery 23
in which a plurality of unit batteries 21, which are made from
flat non-aqueous electrolyte batteries having a laminate film
casing material, is stacked in such a way that negative termi-
nals 6 and positive terminals 7, which extend out of the unit
batteries 21, are arranged in the same direction, with an adhe-
sive tape 22 binding the unit batteries 21 together. In the
assembled battery 23, a plurality of unit batteries 21 is elec-
trically connected in series to each other.

A battery pack disclosed in Patent Document 1 adopts the
following structure: a plurality of unit batteries 21, which are
stacked in such a way that the negative terminals 6 and the
positive terminals 7 are arranged in the same direction, is
electrically connected in series. In order for the unit batteries
21 to be connected in series, the electrodes of different polari-
ties of adjoining unit batteries 21 need to be connected to each
other. However, in the battery pack disclosed in Patent Docu-
ment 1, electric connection sections of the adjoining unit
batteries 21 are each disposed obliquely with respect to a
direction in which the unit batteries 21 are stacked.

Moreover, as for the flat unit batteries 21 having a laminate
film casing material as disclosed in Patent Document 1, the
distance between electrodes of the adjoining unit batteries 21
is very short. For the above reason, in a process of producing
the battery pack disclosed in Patent Document 1, attention
needs to be paid to the following when the electrodes of
adjoining unit batteries 21 are connected: a short-circuit
between electrodes that are disposed in a small space at a time
when the unit batteries 21 are sequentially connected

10

15

20

25

30

35

40

45

50

60

65

2

obliquely with respect to the stacking direction. Therefore,
the problem is that work efficiency is poor, and that produc-
tivity is low.

SUMMARY OF THE INVENTION

The present invention is intended to solve the above prob-
lems. A battery pack of the present invention includes: a
plurality of unit batteries that include a positive-electrode
pulled-out tab and a negative-electrode pulled-out tab; and a
board on which pulled-out tab connection sections are formed
to connect the pulled-out tabs of different polarities of adja-
cent unit batteries.

Moreover, in the battery pack of the present invention, a
divider piece is provided between the pulled-out tab connec-
tion sections.

Moreover, the battery pack of the present invention
includes: a positive electrode washer that is provided on one
end portion of the board; a negative electrode washer that is
provided on the other end portion that is different from one
end portion of the board; a positive-electrode pulled-out tab/
positive electrode washer connection section that connects
the positive-electrode pulled-out tab of the unit battery, which
is disposed on one end portion of the board, to the positive
electrode washer; and a negative-electrode pulled-out tab/
negative electrode washer connection section that connects
the negative-electrode pulled-out tab of the unit battery,
which is disposed on the other end portion of the board, to the
negative electrode washer.

Moreover, in the battery pack of the present invention, the
positive-electrode and negative-electrode pulled-out tabs of
the unit battery, which is disposed on one end portion of the
board, are both bent in the same direction.

Moreover, in the battery pack of the present invention, the
positive-electrode and negative-electrode pulled-out tabs of
the unit battery, which is disposed on the other end portion of
the board, are both bent in the same direction.

Moreover, in the battery pack of the present invention, the
positive-electrode and negative-electrode pulled-out tabs of
the unit battery, whose pulled-out tabs are connected by the
pulled-out tab connection section, are bent in opposite direc-
tions.

Moreover, in the battery pack of the present invention, the
height of the divider piece from the board is higher than the
height of a bolt used to connect pulled-out tabs in the pulled-
out tab connection section.

Moreover, the battery pack of the present invention
includes a holder member that is fixed to the board and
includes holes into which the positive-electrode and negative-
electrode pulled-out tabs of a plurality of the unit batteries are
inserted.

Moreover, in the battery pack of the present invention,
guide projecting sections are provided on the holder member
in such a way that the holes are sandwiched therebetween.

Moreover, in the battery pack of the present invention,
tapered sides are provided on the guide projecting sections.

Moreover, in the battery pack of the present invention, the
pulled-out tabs of different polarities of adjacent unit batteries
are connected in the pulled-out tab connection section with
connection members, a plurality of the holes are provided on
the holder member, and bridging structure sections are pro-
vided between a plurality of the holes.

Moreover, in the battery pack of the present invention, the
connection members are bolts and nuts.

Moreover, in the battery pack of the present invention, nut
housing sections are provided in the bridging structure sec-
tions to house the nuts.
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Moreover, in the battery pack of the present invention, a
divider piece, which is disposed between the pulled-out tab
connection sections, is provided in the bridging structure
section.

Moreover, in the battery pack of the present invention, a
positioning projecting section is provided in the bridging
structure section and used to position the board and the holder
member.

Moreover, in the battery pack of the present invention, a
screw hole, into which a fixing screw for fixing the board to
the holder member is screwed, is provided in the bridging
structure section.

According to the battery pack of the present invention, the
pulled-out tabs of different polarities of a plurality of unit
batteries are connected on the board. Therefore, the produc-
tion of battery packs is highly efficient, resulting in an
improvement in productivity.

Moreover, according to the battery pack of the present
invention, the positive-electrode and negative-electrode
pulled-out tabs of a plurality of unit batteries are inserted into
the holes of the holder member, and the pulled-out tabs of
different polarities of a plurality of the unit batteries are
connected on the board. Therefore, the production of battery
packs is highly efficient, resulting in an improvement in pro-
ductivity.

Moreover, according to the battery pack of the present
invention, the positive-electrode and negative-electrode
pulled-out tabs of a plurality of unit batteries are inserted into
the holes of the holder member, and the pulled-out tabs of
different polarities of a plurality of the unit batteries are
connected on the board with bolts and nuts. Therefore, it is
easy to connect a plurality of the unit batteries electrically.
Thus, the production of battery packs is highly efficient,
resulting in an improvement in productivity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a unit battery 100, which
makes up a battery pack according to an embodiment of the
present invention;

FIG. 2 is a diagram showing how an adding tab member
125 is connected to a positive-electrode pulled-out tab 120 of
the unit battery 100;

FIG. 3 is a diagram showing how holes are provided on a
positive-electrode pulled-out tab and a negative-electrode
pulled-out tab before unit batteries 100 are connected in
series;

FIGS. 4A to 4D are diagrams illustrating a holder member
200, which is used to form the battery pack according to the
embodiment of the present invention;

FIG. 5 is a perspective view of the holder member 200,
which is used to form the battery pack according to the
embodiment of the present invention;

FIG. 6 is a perspective view of a board 300, which is used
to connect unit batteries 100 in series in the battery pack
according to an embodiment of the present invention;

FIGS. 7A and 7B are diagrams illustrating a battery pro-
tective member 400, which is used to form the battery pack
according to the embodiment of the present invention;

FIG. 8 is a diagram illustrating a process of producing a
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;

FIG. 9 is a diagram illustrating a process of producing the
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;
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FIG. 10 s a diagram illustrating a process of producing the
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;

FIG. 11 is a diagram illustrating a process of producing the
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;

FIG. 12 is a diagram illustrating a process of producing the
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;

FIG. 13 is a diagram illustrating a process of producing the
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;

FIG. 141is a diagram illustrating a process of producing the
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;

FIG. 15is a diagram illustrating a process of producing the
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;

FIG. 16 is a diagram illustrating a process of producing the
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;

FIG. 17 is a diagram illustrating a process of producing the
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;

FIG. 18 is a diagram illustrating a process of producing the
battery connecting structure 500, which makes up the battery
pack according to the embodiment of the present invention;

FIG. 19 is a diagram illustrating a process of producing the
battery pack according to the embodiment of the present
invention;

FIG. 20 is a diagram illustrating a process of producing the
battery pack according to the embodiment of the present
invention;

FIG. 21 is a diagram illustrating a process of producing the
battery pack according to the embodiment of the present
invention;

FIG. 22 is a diagram illustrating a process of producing the
battery pack according to the embodiment of the present
invention;

FIG. 23 is a diagram illustrating a process of producing the
battery pack according to the embodiment of the present
invention;

FIG. 24 is a diagram illustrating a process of producing the
battery pack according to the embodiment of the present
invention;

FIG. 25 is a diagram illustrating a process of producing the
battery pack according to the embodiment of the present
invention;

FIG. 26 is a diagram illustrating a process of producing the
battery pack according to the embodiment of the present
invention;

FIGS.27A and 27B are diagrams illustrating conditions for
bonding unit batteries 100 together;

FIGS. 28A and 28B are diagrams illustrating another
example of conditions for bonding unit batteries 100
together;

FIGS. 29A and 29B are diagrams illustrating another
example of conditions for bonding unit batteries 100
together;

FIG. 30 is a diagram showing how the battery pack is
positioned when in use according to the embodiment of the
present invention; and

FIG. 31 is a diagram showing another example of a unit
battery 100, which makes up a battery pack.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following describes an embodiment of the present
invention with reference to the accompanying drawings. FIG.
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1 is a diagram showing a unit battery 100 that makes up a
battery pack according to an embodiment of the present
invention. What is used for the unit battery 100 is a lithium ion
secondary unit battery in which charge and discharge take
place as lithium ions move between negative and positive
electrodes.

A battery main unit 110 of the unit battery 100 has a
structure in which the following components are stored in a
laminate film casing material, which is in the shape of a
rectangle in planar view: an electrode laminated body, in
which a plurality of sheet positive electrodes and a plurality of
sheet negative electrodes are stacked via separators, and an
electrolytic solution (both not shown). From a first end por-
tion 111 of the battery main unit 110, a positive-electrode
pulled-out tab 120 and a negative-electrode pulled-out tab
130 are pulled out.

The positive-electrode pulled-out tab 120 and the negative-
electrode pulled-out tab 130 are both in the shape of a flat
plate, and are each connected directly, or viaalead body or the
like, to the sheet positive electrodes and the sheet negative
electrodes in the laminate film casing material. The laminate
film casing material includes a metallic laminate film having
a heat-sealing resin layer on a plane facing the inside of the
battery. More specifically, for example, the laminate film
casing material is made by stacking two metallic laminate
films; after an electrode laminated body, which includes the
sheet positive electrodes, sheet negative electrodes and sepa-
rators, and an electrolytic solution are stored in the laminate
film casing material, the periphery of the laminate film casing
material (the first end portion 111, a second end portion 112
and two side end portions 113) is heat-sealed. Therefore, the
inside thereof is hermetically sealed.

In this case, a metallic piece that is pulled out of the battery
main unit 110, which includes laminate film casing materials
such as the positive-electrode pulled-out tab 120 and the
negative-electrode pulled-out tab 130, is referred to as a
“pulled-out tab.”” The sheet positive electrodes and sheet
negative electrodes that are stacked via separators or electro-
Iytic solution inside the laminate film casing material are
referred to as “electrodes.”

Incidentally, the electrode laminated bodies include not
only the one in which a plurality of sheet positive electrodes
and a plurality of sheet negative electrodes are stacked via
separators as described above but also a laminated body in
which the sheet positive electrodes and the sheet negative
electrodes are stacked via separators, wound around and com-
pressed.

In the above unit battery 100, aluminum or aluminum alloy
is used as a material of the positive-electrode pulled-out tab
120. As a material of the negative-electrode pulled-out tab
130, the following are generally used: nickel; a material made
by plating another metal with nickel (which is a nickel-plated
material, for example, nickel-plated copper); a clad made of
nickel and another metal (a nickel-clad material, for example,
nickel-copper clad). That is, the unit battery 100 is so formed
as to include the positive-electrode pulled-out tab 120 con-
taining aluminum and the negative-electrode pulled-out tab
130 containing nickel. According to the present embodiment,
the positive-electrode pulled-out tab 120 made of aluminum
and the negative-electrode pulled-out tab 130 made of nickel
are used.

In order to make a battery pack of the present invention, a
positive-electrode pulled-out tab 120 of a unit battery 100 and
a negative-electrode pulled-out tab 130 of a unit battery 100,
which is adjacent to the above unit battery 100, are mechani-
cally bound together with bolts and nuts and therefore con-
nected together electrically.
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In this case, the structure in which the positive-electrode
pulled-out tab 120, which contains aluminum, of the unit
battery 100 and the negative-electrode pulled-out tab 130,
which contains nickel, are mechanically bound together
could lead to a decline in conductivity after a predetermined
period of time has passed due to problems pertaining to dif-
ferences in potential.

Accordingly, in the battery pack of the present invention,
an adding tab 125 containing nickel is welded to the positive-
electrode pulled-out tab 120 of the unit battery 100. When a
plurality of unit batteries 100 is connected in series, the add-
ing tab 125 of one unit battery 100 described above is con-
nected to the negative-electrode pulled-out tab 130 of the
other unit battery 100, thereby solving the problem of a
decline in conductivity that arises from problems pertaining
to differences in potential.

The configuration to achieve the above will be described.
As shown in FIG. 1, in a process of making the battery pack,
suppose that the aluminum positive-electrode pulled-out tab
120 of'the unit battery 100 has a length of a from the first end
portion 111, and the nickel negative-electrode pulled-out tab
130 a length of b (b>a) from the first end portion 111. Then,
to the aluminum positive-electrode pulled-out tab 120 having
a length of a, an adding tab member 125 made of nickel is
connected and added by ultrasonic welding so that the length
from the first end portion 111 comes to b (see FIGS. 2 and 3).
In order to allow unit batteries 100 to be connected in series,
a hole 127 is made on the adding tab member 125, which
serves as a positive-electrode pulled-out tab; a hole 137 is
made on the negative-electrode pulled-out tab 130. Inciden-
tally, hereinafter, the entire pulled-out tab, which is formed by
connecting the adding tab member 125, may also be referred
to as a positive-electrode pulled-out tab 120.

As described below, in the battery pack of the present
invention, in a process of electrically connecting a plurality of
unit batteries 100, the pulled-out tabs are mechanically con-
nected together in such a way that the members containing
nickel (the adding tab members 125 and the negative-elec-
trode pulled-out tabs 130) come in contact with each other.
Accordingly, the electrically connected portions of the
adjoining unit batteries turn out to be the portions that are
made of the same type of metallic material and are connected
electrically. Therefore, the problems pertaining to differences
in potential do not arise, and it is substantially possible to
prevent a decline over time in conductivity from occurring.

The following describes a holder member 200, which is
used in electrically connecting the positive-electrode pulled-
out tabs and negative-electrode pulled-out tabs of a plurality
of unit batteries 100 in the battery pack of the embodiment of
the present invention. FIGS. 4A to 4D are diagrams illustrat-
ing the holder member 200. FI1G. 4A is a diagram showing the
holder member 200 seen from a first main surface side. FIG.
4B is a diagram showing the holder member 200 seen from a
second main surface side.

FIG. 4C is a cross-sectional view of FIG. 4A taken along
X-X'. FIG. 4D is a side view of the holder member 200.

On the holder member 200, a first surface 210 and a second
surface 250, which is on the opposite side of the holder
member 200 from the first surface 210, are formed; the holder
member 200 is a member made of synthetic resin suchas ABS
resin. In a first row 211 of the first surface 210 of the holder
member 200, pulled-out tab insertion holes 215 are formed
side by side from top to bottom as shown in FIG. 4A. Simi-
larly, in a second row 212 of the first surface 210, pulled-out
tab insertion holes 215 are formed side by side from top to
bottom. When a unit battery 100 is attached to the holder
member 200, the pulled-out tab insertion holes 215 provided
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on the first surface 210 are used. The pulled-out tab insertion
holes 215 are holes passing therethrough from the first surface
210 to the second surface 250; and holes into which the
pulled-out tabs of the unit battery 100 can be inserted.

As shown in FIG. 4A, on the upper and lower sides of the
first and second rows 211 and 212, pulled-out tab guide ribs
203 are provided. A pulled-out tab guidance section 213 is
provided in such a way that the pulled-out tab guidance sec-
tion 213 is sandwiched between the pulled-out tab guide ribs
203 of the first row 211. Moreover, a pulled-out tab guidance
concave section 214 is provided in such a way that the pulled-
out tab guidance concave section 214 is sandwiched between
the pulled-out tab guide ribs 203 of the second row 212.

In the first row 211, based on regulations by the pulled-out
tab guide ribs 203, a pulled-out tab of an edge-side unit
battery 100, out of a plurality of unit batteries 100 connected
in series, is guided to the second surface 250 from the first
surface 210 via the pulled-out tab guidance section 213.

In the second row 212, based on regulations by the pulled-
out tab guide ribs 203, a pulled-out tab of an edge-side unit
battery 100, out of a plurality of unit batteries 100 connected
in series, is guided to the second surface 250 from the first
surface 210 via the pulled-out tab guidance concave section
214.

Among a plurality of unit batteries 100 connected in series,
a pulled-out tab of a unit battery 100 that is not on the edge
sides (which are the upper and lower sides of the holder
member 200 as shown in FIG. 4A) passes through the pulled-
out tab insertion hole 215 and is attached to the holder mem-
ber 200. In the upper and lower areas of the pulled-out tab
insertion hole 215 (as shown in FIG. 4A), pulled-out tab guide
projecting sections 220 are provided in such a way that the
pulled-out tab insertion hole 215 is sandwiched between the
pulled-out tab guide projecting sections 220, which are posi-
tioned on the upper and lower sides of the pulled-out tab
insertion hole 215. The pulled-out tab guide projecting sec-
tions 220 are generally made up of a top section 221 and two
tapered sides 222, which are seamlessly connected to the top
section 221. When a pulled-out tab of a unit battery 100 is
inserted into a pulled-out tab insertion hole 215, a space
between the two tapered sides 222 becomes gradually nar-
rower, making it easy to attach the unit battery 100 to the
holder member 200. Therefore, it is possible to improve effi-
ciency in connecting a plurality of unit batteries 100 in series
and increase productivity.

A flat surface between two upper and lower pulled-out tab
guide projecting sections 220 serves as a bumping section
230: the bumping section 230 regulates the position of the
first end portion 111 as the first end portion 111 of the unit
battery 100 comes in contact with the bumping section 230 at
a time when the pulled-out tab of the unit battery 100 is
inserted into the pulled-out tab insertion hole 215.

The bumping sections 230 enable the unit batteries 100 to
be easily positioned in the stacking direction as the first end
portions 111 of the unit batteries 100 come in contact with the
bumping sections 230. Therefore, it is possible to improve
efficiency in producing the battery pack and increase produc-
tivity.

Incidentally, according to the present embodiment, the
bumping sections 230 are flat surfaces. However, the bump-
ing sections 230 are not necessarily limited to such a shape.
The bumping sections 230 can take any shape as long as it is
possible to regulate the position of the first end portions 111
of the unit batteries 100.

Among a plurality of unit batteries 100 connected in series,
the unit batteries 100 disposed in both end portions cannot be
handled by the above bumping sections 230 in such a way that
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the positions of the first end portions 111 of the unit batteries
100 are regulated. Instead, the first end portions 111 come in
contact with the pulled-out tab guide ribs 203 so that the unit
batteries 100 disposed in both end portions are positioned. A
surface, with which the first end portion 111 comes in contact,
of'the pulled-out tab guide rib 203 and a bumping portion 230
are provided on the same plane.

To the second surface 250 of the holder member 200, a
board 300 can be attached. On the board 300, the pulled-out
tabs of the adjacent unit batteries 100 are bent, put on each
other and connected, resulting in an electrical connection.
When the pulled-out tabs of the adjacent unit batteries 100 are
connected, it is preferred that the pulled-out tabs be mechani-
cally bound together with connection members, such as bolts
and nuts. Accordingly, in the example shown in FIG. 4B, six
nut housing sections 255 for housing nuts 256 are provided in
the first row 211 of the second surface 250, and five in the
second row 212. Moreover, on the second surface 250, divider
pieces 260, which are designed to ensure insulation between
the pulled-out tab connection sections of a unit battery 100
that are formed on the board 300 or between pulled-out tab
connection sections and pulled-out tabs, are provided at three
locations in the first row 211 and at two locations in the
second row 212.

Positioning projecting sections 263 are projections that
help position the board 300 when the board 300 is attached to
the holder member 200; one positioning projection section
263 is positioned in the first row 211, and the other in the
second row 212. Moreover, one screw hole 270, which is used
to bind the board 300 and the holder member 200 together
after the board 300 is attached to the holder member 200 with
the use of the above positioning projecting sections 263, is
provided in the first row 211, and the other in the second row
212. In the example here, bolts and nuts are used as the
connection members. However, instead of bolts and nuts,
caulking pins, rivets or other tools may be used as the con-
nection members.

FIG. 5 is a perspective view of the holder member 200,
which is used to make the battery pack according to the
embodiment of the present invention. FEight pulled-out tab
insertion holes 215 are provided in the first row 211 of the
second surface 250 of the holder member 200. Similarly,
eight pulled-out tab insertion holes 215 are provided in the
second row 212. A structure between the adjoining pulled-out
tab insertion holes 215 in each row is made of the same resin
as that of the main unit and is formed integrally with the main
unit. The structure is referred to as a bridging structure section
251.

One main feature of the present embodiment is to give the
bridging structure section 251 various functions.

For example, as for the bridging structure section 251
shown in FIG.5A, a nut housing section 255 for housing a nut
256 is provided in the bridging structure section 251. The
bridging structure section 251 described above is effective in
increasing the rigidity of the holder member 200, and can
provide a space in which the nut 256 is stored. Therefore, it is
possible to make effective use of the space.

Moreover, for example, in the bridging structure section
251 shown in FIG. 5B, a divider piece 260 is provided so as to
be disposed between the pulled-out tab connection sections.
The bridging structure section 251 described above is effec-
tive in increasing the rigidity of the holder member 200, and
can provide a space in which the divider piece 260 stands.
Therefore, it is possible to make effective use of the space.

Moreover, for example, in the bridging structure section
251 shown in FIG. 5C, a positioning projecting section 263,
which is used in positioning the board 300 and the holder
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member 200, is provided. The bridging structure section 251
described above is effective in increasing the rigidity of the
holder member 200, and can provide a space in which the
positioning projecting section 263 stands. Therefore, it is
possible to make effective use of the space.

Moreover, for example, in the bridging structure section
251 shown in FIG. 5D, a screw hole 270, into which a board
fixing screw 271 is screwed to fix the board 300 to the holder
member 200, is provided. The bridging structure section 251
described above is effective in increasing the rigidity of the
holder member 200, and can provide a space for the screw
hole 270. Therefore, it is possible to make effective use of the
space.

The following describes the configuration of the board 300
on which connection sections for the pulled-out tabs of a
plurality ofunit batteries 100 are formed in the battery pack of
the embodiment of the present invention. FIG. 6 is a perspec-
tive view of the board 300 that is used in connecting unit
batteries 100 in series in the battery pack of the embodiment
of the present invention.

The board 300, which is made by mainly using glass epoxy
or the like as base material, is attached to the second surface
250 of'the holder member 200 before being used. The periph-
eral shape of the board 300 substantially matches the periph-
eral shape of the second surface 250 of the holder member
200. At two locations on the periphery of the board 300,
pulled-out tab guidance notch sections 314 are formed so as to
correspond to the pulled-out tab guidance concave sections
214 of the holder member 200.

Moreover, onthe board 300, pulled-out tab extraction holes
315 are provided so as to correspond to the pulled-out tab
insertion holes 215 of the holder member 200. Moreover, on
the board 300, divider piece extraction holes 317 are provided
so as to correspond to the divider pieces 260 of the holder
member 200. Furthermore, on the board 300, pulled-out tab/
divider piece extraction holes 316 are provided to support
both the pulled-out tab insertion holes 215 and divider pieces
260 of the holder member 200. The above holes are all
through-holes that pass through the board 300 from one main
surface to the other main surface; and are so formed that the
pulled-out tabs of unit batteries 100, the divider pieces 260
and the like can be inserted therein.

In areas where the pulled-out tabs of unit batteries 100 are
fixed to the board 300 through connection members, the fol-
lowing sections are provided: thin-film electrode sections
320a,3205 and 320c. It is preferred that bolts and nuts be used
in combination as connection members; the reason is that
with bolts and nuts, the pulled-out tabs are easily and firmly
fixed to the board 300. However, instead of bolts and nuts,
caulking pins, rivets or other tools may be used as the con-
nection members.

There is an electrical connection between a thin-film elec-
trode section 320 and a metallic positive electrode washer
321, which is fixed to the board 300. There is an electrical
connection between a thin-film electrode section 320c and a
metallic negative electrode washer 322, which is fixed to the
board 300. To the positive electrode washer 321 and the
negative electrode washer 322, the pulled-out tabs of an edge
portion of a unit battery 100 that is connected in series are
connected. Therefore, the positive electrode washer 321 and
the negative electrode washer 322 are used as terminals for
charge and discharge of power for the battery pack.

Moreover, there is an electrical connection between a thin-
film electrode section 3205 and a terminal section, not shown,
of'aconnector 340, allowing the potential for monitoring each
unit battery 100 to be measured through the connector 340.
Incidentally, the connector 340 may be formed so thata signal
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from a temperature measurement sensor (not shown) that
measures temperatures of unit batteries 100 can be taken out.

For each of the thin-film electrode sections 320a, 3205 and
320c¢, pulled-out tab connection screw holes 325 are pro-
vided: pulled-out tab connection bolts 257, which are used to
fix the pulled-out tabs of unit batteries 100, are inserted into
the pulled-out tab connection screw holes 325. To the thin-
film electrode section 3204 and the thin-film electrode section
320c¢, one pulled-out tab of an edge-portion unit battery 100,
out of the unit batteries 100 connected in series, is fixed.
Meanwhile, two thin-film electrode sections 3205 are fixed in
such a way that the pulled-out tabs of the adjoining unit
batteries 100 are bent and put on each other.

On the board 300, two positioning holes 328 are formed so
as to correspond to the positioning projecting sections 263
provided on the second surface 250 of the holder member
200. As the two positioning projecting sections 263 pass
through the positioning holes 328, the holder member 200
and the board 300 can be easily positioned when being bound
together, contributing to an improvement in productivity.
Moreover, board fixing screw holes 329, which are formed on
the board 300, are holes into which board fixing screws 271,
which are used to fix the holder member 200 to the board 300,
are inserted.

In the battery pack of the present invention, with the use of
not only the board 300 but also the holder member 200, which
is formed integrally with the board 300, the adjacent unit
batteries 100 are connected. As a result, the unit batteries 100
are connected in series. According to the above configuration,
the pulled-out tabs are tightly fixed between both surfaces of
the board 300 with the help of connection members, such as
bolts and nuts. Moreover, on a surface that is on the opposite
side of the board 300 from a surface to which the tabs are
fixed, the pulled-out tab guide projecting sections 220 ensure
insulation between the pulled-out tabs of the unit battery 100.
Thus, it is possible to provide a highly reliable battery pack.

The following describes a battery protective member 400,
which protects a plurality of unit batteries 100 at a time when
the unit batteries 100 are connected in series and turned into
a battery connecting structure 500 in the battery pack of the
embodiment of the present invention. FIGS. 7A and 7B are
diagrams illustrating the battery protective member 400,
which is used to form the battery pack of the embodiment of
the present invention. FIG. 7A is a diagram showing the
battery protective member 400 in a way that faces a flat-plate
section 410 to which a main surface of a unit battery 100 is
bonded. FIG. 7B is a diagram showing the battery protective
member 400 seen from an upper side of FIG. 7A.

For example, the battery protective member 400 is made of
synthetic resin, such as ABS resin. When unit batteries 100
are stacked, the battery protective member 400 is inserted
between the unit batteries 100 stacked before being used. The
flat-plate section 410 of the battery protective member 400 is
a member sandwiched between a unit battery 100 and a unit
battery 100 that is connected in series to the unit battery 100.
Meanwhile, protection-side plate sections 440 are so pro-
vided as to extend in a direction perpendicular to the flat-plate
section 410 from both edge portions of the flat-plate section
410. Therefore, as shown in FIG. 7B, the cross-sectional
surface of the battery protective member 400 is in the shape of
“

Moreover, a notch section 420, which is made up of the
following, is formed on the flat-plate section 410: a first notch
section 421, which is the deepest notch section; second notch
sections 422, which are disposed on both sides of the first
notch section 421 and are the second deepest notch sections
after the first notch section 421; and third notch sections 423,
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which are disposed on both sides of the second notch sections
422 and are the shallowest notch sections.

The following describes processes of producing, from each
of the above members, a battery connecting structure 500 in
which unit batteries 100 are connected, with reference to
FIGS. 8 to 18. FIGS. 8 to 18 are diagrams illustrating the
processes of producing the battery connecting structure 500,
which makes up the battery pack of the embodiment of the
present invention.

First, in a process shown in FIG. 8, nuts 256 are mounted in
all the nut housing sections 255, which are provided on the
second surface 250 of the holder member 200. The dimen-
sions of the inner periphery of the nut housing sections 255
are so set that the nuts 256 cannot be easily removed once the
nuts 256 are placed into the nut housing sections 255.

In a subsequent process shown in FIG. 9, the positioning
projecting sections 263 of the holder member 200 are inserted
into the positioning holes 328 of the board 300 so that the
holder member 200 and the board 300 are positioned. Subse-
quently, two board fixing screws 271 are inserted into the
board fixing screw holes 329 and screwed into screw holes
270. As a result, the holder member 200 is fixed to the board
300. Incidentally, for the board fixing screw holes 329, vari-
ous kinds of screw can be used. However, the use of tapping
screws helps improve work efficiency during the production
process.

In a subsequent process shown in FIG. 10, a unit battery
100 is disposed on the first surface 210 of the holder member
200. The unit battery 100 is positioned as the first end portion
111 of the unit battery 100 collides with the pulled-out tab
guide rib 203. The negative-electrode pulled-out tab 130 of
the unit battery 100 is then bent so as to come in contact with
the thin-film electrode section 3205 of the board 300 with the
help of the pulled-out tab guidance concave section 214.
Moreover, the positive-electrode pulled-out tab 120 of the
unit battery 100 is bent so as to come in contact with the
thin-film electrode section 320a of the board 300 with the
help of the pulled-out tab guidance section 213. The pulled-
out tab connection bolts 257 are inserted into the holes 127 of
the positive-electrode pulled-out tab 120 and the pulled-out
tab connection screw holes 325; the pulled-out tab connection
bolts 257 are screwed into the nuts 256 housed in the nut
housing sections 255. In this manner, the process of mounting
the first unit battery 100 is completed.

A subsequent process shown in FIG. 11 takes place on the
first surface 210 of the holder member 200. In the process, as
shown in the diagram, two strips of two-sided adhesive tape
460 are attached to an upper main surface of the unit battery
100. The two-sided adhesive tapes 460 are used to fix the first
unit battery 100, which is attached to the holder member 200,
to a second unit battery 100, which is to be attached to the
holder member 200. The reason the two strips of two-sided
adhesive tape 460 are provided on the main surface of the unit
battery 100 as shown in the diagram is to allow a spacer,
described later, to be disposed between the two strips of
two-sided adhesive tape 460 in order to improve productivity.

In a subsequent process shown in FIG. 12, a spacer (not
shown) that is thicker than the two-sided adhesive tapes 460 is
placed on the first unit battery 100 attached. Furthermore, two
pulled-out tabs of the second unit battery 100 are inserted into
the pulled-out tab insertion holes 215 as the second unit
battery 100 slides on the spacer. As described above, the
pulled-out tab guide projecting sections 220 are disposed on
the upper and lower sides of the two pulled-out tab insertion
holes 215. Furthermore, the tapered sides 222 are provided on
the pulled-out tab guide projecting sections 220. Therefore, a
space between the upper and lower pulled-out tab guide pro-
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jecting sections 220 becomes gradually narrower, enabling
the pulled-out tabs of a unit battery 100 to be easily guided to
the pulled-out tab insertion holes 215 of the holder member
200.

The bumping section 230 between the upper and lower
pulled-out tab guide projecting sections 220 comes in contact
with the first end portion 111 of the unit battery 100 as the
pulled-out tabs (120, 130) of the unit battery 100 are inserted
into the pulled-out tab insertion holes 215. Thus, the position
of'the first end portion 111 is regulated. In the holder member
200, such a bumping section 230 is provided. Therefore, it is
easy to position a unit battery 100 in the stacking direction as
the first end portion 111 of the unit battery 100 comes in
contact with the bumping section 230. Thus, it is possible to
increase efficiency in producing the battery pack and improve
productivity.

After the first end portion 111 comes in contact with the
bumping section 230 as described above, the spacer is
removed. As a result, the first unit battery 100 attached and the
second unit battery 100 attached are bonded together with the
two-sided adhesive tape 460.

According to the present embodiment, two strips of two-
sided adhesive tape 460 are attached to the main surface of the
unit battery 100, and are used to bond unit batteries 100
together, thereby providing the battery pack with resistance to
vibration. Preferred conditions for the above purpose will be
described below.

FIGS.27A and 27B are diagrams illustrating conditions for
bonding unit batteries 100 together. FIG. 27A is a diagram
showing the dimensions of a unit battery 100 that is used in
the battery pack of the present embodiment. FIG. 27B is a
diagram showing the dimensions of a two-sided adhesive tape
460 that is used in bonding unit batteries 100, which are used
in the battery pack of the present embodiment.

As for the unit battery 100, the first end portion 111 is 82
mm in length. The side end portion 113 is 150 mm in length.
Moreover, chamfered portions 119 are formed on both corner
portions of the second end portion 112. Therefore, the outer
circumference thereof is 459 mm in length.

Here, an electrode laminated area 105 in the unit battery
100 is defined. The electrode laminated area 105 is an area
corresponding to a location where an electrode laminated
body is stored: the electrode laminated body includes the
sheet positive electrodes, sheet negative electrodes and sepa-
rators, which are stored in the hermetically sealed unit battery
100 in a laminate film casing material. That is, the electrode
laminated area 105 stores the electrode laminated body and
therefore serves as a major flat surface area corresponding to
a bulging portion of the laminate film casing material. The
electrode laminated area 105 is a shaded area in FIG. 2, which
is a perspective view of the unit battery 100. The electrode
laminated area 105 is substantially in the shape of a rectangle:
the long sides thereofare 131 mm in length, the short sides are
69 mm in length, and the outer circumference of the electrode
laminated area 105 is 400 mm in length.

In a process of making the battery pack of the present
embodiment, the two-sided adhesive tape 460 is used to bond
the unit batteries 100 together. The dimensions of the two-
sided adhesive tape 460 are as follows: the long sides are 100
mm in length, the short sides are 12 mm in length, and the
outer circumference of one strip of two-sided adhesive tape
460 is 224 mm in length. According to the present embodi-
ment, two strips of two-sided adhesive tape 460 are used.
Therefore, the total outer circumference of the two-sided
adhesive tapes 460 used to bond the batteries together is 448
mm in length.
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A feature of the present embodiment is that the total outer
circumference of the two-sided adhesive tapes 460 is set
longer than the outer circumference of the electrode lami-
nated area 105, which is an area corresponding to a location
where the electrode laminated body is stored in the laminate
film casing material. The above setting leads to an excellent
result in a vibration test.

In the above-described battery pack of the present inven-
tion, the total outer circumference of the two-sided adhesive
tapes 460 set longer than the outer circumference of the
electrode laminated area 105, which is an area corresponding
to a location where the electrode laminated body is stored in
the laminate film casing material of the unit battery 100.
Therefore, even when vibrations are applied, the unit batteries
are not separated. Moreover, no stress is applied to a connec-
tion portion where pulled-out tabs are connected. Thus, it is
possible to increase reliability. In addition, compared with the
case where the batteries are bonded together in the strongest
way, i.e. the case where the entire surfaces of the areas cor-
responding to the locations for storing electrode laminated
bodies are bonded together, the stress that occurs at an end
portion of a two-sided adhesive tape can be dispersed. There-
fore, even when vibrations are applied to the battery pack, the
laminate film casing material is less likely to suffer damage.

Incidentally, according to the present embodiment, to sat-
isfy the above conditions, two strips of two-sided adhesive
tape 460 are used. However, the two-sided adhesive tapes 460
are not limited to the form described above, as long as the total
outer circumference of the two-sided adhesive tapes 460 is set
longer than the outer circumference of the electrode lami-
nated area 105 in the laminate film casing material of the unit
battery 100. For example, a plurality of circular, patch-like
two-sided adhesive tapes may be provided to increase the
total outer circumference, thereby making it possible to meet
the above conditions and improve productivity. Hereinafter,
other examples of two-sided adhesive tapes 460 will be
described as to shape.

FIGS. 28A and 28B are diagrams illustrating another
example of conditions for bonding unit batteries 100 together.
FIG. 28A is a diagram showing the dimensions of a unit
battery 100 that is used in the battery pack of the present
embodiment. FIG. 28B is a diagram showing the dimensions
of a two-sided adhesive tape 460 that is used in bonding
together unit batteries 100, which are used in the battery pack
of the present embodiment. The dimensions of the unit bat-
tery 100 are the same as those shown in FIG. 27A.

In the example shown in FIGS. 28 A and 28B, in a process
of making the battery pack, the dimensions of the two-sided
adhesive tape 460, which is used to bond the unit batteries 100
together, are as follows: the long sides are 100 mm in length,
the short sides are 6 mm in length, and the outer circumfer-
ence of one strip of two-sided adhesive tape 460 is 212 mm in
length. In the example shown in FIGS. 28A and 28B, three
strips of two-sided adhesive tape 460 are used. Therefore, the
total outer circumference of the two-sided adhesive tapes 460
used for bonding batteries together is 636 mm in length, and
can be set longer than the outer circumference of the electrode
laminated area 105, which is 400 mm in length. In this man-
ner, even under the bonding conditions shown in FIGS. 28A
and 28B, it is possible to achieve similar advantageous effects
to those in the above-described embodiment.

FIGS. 29A and 29B are diagrams illustrating another
example of conditions for bonding unit batteries 100 together.
FIG. 29A is a diagram showing the dimensions of a unit
battery 100 that is used in the battery pack of the present
embodiment. FIG. 29B is a diagram showing the dimensions
of a two-sided adhesive tape 460 that is used in bonding
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together unit batteries 100, which are used in the battery pack
of the present embodiment. The dimensions of the unit bat-
tery 100 are the same as those shown in FIG. 27A.

In the example shown in FIGS. 29A and 29B, in a process
of making the battery pack, the two-sided adhesive tape 460,
which is used to bond the unit batteries 100 together, is
circular in shape with a diameter of 30 mm, and the outer
circumference thereof is about 94.2 mm in length. In the
example shown in FIGS. 29A and 29B, the number of such
circular two-sided adhesive tapes 460 used is six. Therefore,
the total outer circumference of the two-sided adhesive tapes
460 used for bonding batteries together is 565.2 mm, and can
be set longer than the outer circumference of the electrode
laminated area 105, which is 400 mm in length. In this man-
ner, even under the bonding conditions shown in FIG. 29, it is
possible to achieve similar advantageous effects to those in
the above-described embodiment.

The following describes preferred bond strength at a time
when the unit batteries 100 are bonded together with the
two-sided adhesive tapes 460. Even in the following descrip-
tion, the relationships of dimensions shown in FIGS. 27A and
27B are used.

The adhesive power of the two-sided tape 460 used in the
present embodiment is 0.98 N/mm. Therefore, when two
strips of two-sided adhesive tape 460, whose long sides are
100 mm in length and whose short sides are 12 mm in length,
are used, the bond strengths (tensile strengths) for bonding
unit batteries 100 together in the long-side and short-side
directions are as follows.

Long-side direction: 0.98 (N/mm)x12 (mm)x2 (strips)=24N
Short-side  direction: 098 (N/mm)x100  (mm)x2

(strips)=98N

Meanwhile, the adhesive power of a fusion-bonding por-
tion of the laminate film casing material of the unit battery
100 is 1.5 N/mm. Incidentally, in the unit battery 100 shown
in FIG. 27, the narrowest fusion-bonding portion is 5 mm in
width. Given the above, the minimum bond strengths of the
fusion-bonding portion of the laminate film casing material of
the unit battery 100 in the long-side and short-side directions
are as follows.

Long-side direction: 1.5 (N/mm)x5 (mm)x2 (sides)=15N
Short-side direction: 1.5 (N/mm)x5 (mm)x2 (strips)=15N

The maximum bond strengths of the fusion-bonding por-
tion of the laminate film casing material of the unit battery
100 in the long-side and short-side directions are as follows.
Long-side direction: 1.5 (N/mm)x82 (mm)=123N
Short-side direction: 1.5 (N/mm)x150 (mm)=225N

According to the present embodiment, the bond strength
for bonding the unit batteries 100 together using the two-
sided adhesive tapes 460 is set larger than the minimum bond
strength of the fusion-bonding portion. Accordingly, when
the battery pack is disassembled and the unit batteries 100 are
taken out, the fusion-bonding portion of a unit battery 100 is
ripped up. As a result, the unit battery 100 becomes unavail-
able, thereby averting the risk that the unit battery 100 taken
out will be reused.

Inthis case, the positive-electrode pulled-out tab 120 of the
first unit battery 100 attached to the holder member 200 is
disposed in the first row 211, and the negative-electrode
pulled-out tab 130 in the second row 212. On the other hand,
the positive-electrode pulled-out tab 120 of the second unit
battery 100 attached to the holder member 200 is disposed in
the second row 212, and the negative-electrode pulled-out tab
130 in the first row 211. Hereinafter, in a process of sequen-
tially placing unit batteries 100, the positive-electrode pulled-
out tabs 120 of the odd unit batteries 100 attached are dis-
posed in the first row 211, and the negative-electrode pulled-



US 9,356,278 B2

15

out tabs 130 in the second row 212. The positive-electrode
pulled-out tabs 120 of the even unit batteries 100 attached are
disposed in the second row 212, and the negative-electrode
pulled-out tabs 130 in the first row 211. In this manner, in the
direction in which the unit batteries 100 are stacked, the unit
batteries 100 are so disposed that the pulled-out tabs of the
adjacent unit batteries 100 face different directions. Accord-
ingly, on the board 300, connection does not have to take
place diagonally with respect to the stacking direction.

After it is confirmed that the first end portion 111 of the
second unit battery 100 is pushed into until the first end
portion 111 hits the first surface 210 of the holder member
200, a subsequent task starts on the board 300.

In a subsequent process shown in FIG. 13, the positive-
electrode pulled-out tab 120 of the second unit battery 100
attached is bent downward as shown in the diagram, and is put
on the negative pulled-out electrode 130 of the first unit
battery 100 attached. After that, a pulled-out tab connection
bolt 257 is inserted into a hole of each pulled-out tab, or a
pulled-out tab connection screw hole 325, and is screwed into
a nut 256, forming a connection portion for the negative-
electrode pulled-out tab 130 of the first unit battery 100
attached on the thin-film electrode section 3205 and the posi-
tive-electrode pulled-out tab 120 of the second unit battery
100 attached. In this manner, an electrical connection is com-
pleted.

Meanwhile, the negative-electrode pulled-out tab 130 of
the second unit battery 100 attached is bent upward as shown
in the diagram, thereby making preparations for the positive-
electrode pulled-out tab 120 of the third unit battery 100
attached to be connected.

In a subsequent process shown in FIG. 14, in a similar way
to the case where the second unit battery 100 is attached, a
battery protective member 400 is attached with the use of a
spacer. The upper surface of the second unit battery 100 and
the lower surface of the battery protective member 400 are
bonded together with two strips of two-sided adhesive tape
460. Furthermore, as shown in the diagram, two strips of
two-sided adhesive tape 460 are attached to the upper surface
of the battery protective member 400. With the use of the
two-sided adhesive tapes 460, the battery protective member
400 is fixed to the third unit battery 100 attached to the holder
member 200.

The battery protective member 400 is attached to the unit
battery 100 in such a way that there is a space of about 2 mm
between the second notch sections 422 or third notch sections
423 and the holder member 200. The space makes it difficult
for the vibrations or shocks delivered to the battery pack to
spread to the positive-electrode pulled-out tab 120 and the
negative-electrode pulled-out tab 130, thereby improving the
reliability of electric connection of the battery pack.

Incidentally, if the vibrations or shocks delivered to the
battery pack are expected to be small, the space may not be
provided. In this case, the battery protective member 400 can
be attached to the unit battery 100 after the battery protective
member 400 is pushed into until the second notch sections
422 or third notch sections 423 hit the holder member 200.
Since the battery protective member 400 is attached to the
unit battery 100 as described above, it is easy to position the
battery protective member 400 in the stacking direction.

FIG. 15 shows the situation where the third to eighth unit
batteries 100 are sequentially attached to the holder member
200 and the board 300 in a similar way to that described
above. On the board 300, each time one unit battery 100 is
attached, the pulled-out tabs are bent and put on each other,
and the pulled-out tabs of the adjacent unit batteries 100 are
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connected by means of the pulled-out tab connection bolts
257. In this manner, an electrical connection is realized.

In a subsequent process shown in FIG. 16, what is shown is
the situation where, after the eighth unit battery 100 is
attached, still another battery protective member 400 is
attached. In this manner, in the battery connecting structure
500 of the present embodiment, two battery protective mem-
bers 400 are disposed. In this manner, each unit battery 100 is
protected against external shocks and the like.

FIG. 17 shows the situation where, on the battery protective
member 400, the ninth and tenth unit batteries 100 are further
attached to the holder member 200 and the board 300. The
negative-electrode pulled-out tab 130 of the tenth unit battery
100 is bent so as to come in contact with the thin-film elec-
trode section 320¢ of the board 300 with the use of the pulled-
out tab guidance section 213, and is fixed to the thin-film
electrode section 320¢ with the use of the pulled-out tab
connection bolt 257. As aresult, the pulled-out tabs of the first
to tenth unit batteries 100 are each connected on the board
300, and a process of connecting ten unit batteries 100 in
series is completed. A process of charging and discharging the
ten unit batteries 100 connected in series can be performed
through the positive electrode washer 321 and the negative
electrode washer 322. A terminal member 331 is attached to
the positive electrode washer 321, and a terminal member 332
to the negative electrode washer 322. In this manner, the
battery connecting structure 500 is completed.

As described above, the battery pack of the present inven-
tion is made in the following manner: the positive-electrode
and negative-electrode pulled-out tabs of a plurality of unit
batteries 100 are inserted into the pulled-out tab insertion
holes 215 of the holder member 200, and the pulled-out tabs
having different polarities of a plurality of the unit batteries
100 are connected together on the board 300. Therefore, the
production of battery packs is highly efficient, resulting in an
improvement in productivity.

Moreover, the pulled-out tabs having different polarities of
aplurality of the unit batteries 100 are connected together on
the board 300 with pulled-out tab connection bolts 257 and
nuts 256. Therefore, it is easy to connect a plurality of unit
batteries 100 electrically. Thus, the production of battery
packs is highly efficient, resulting in an improvement in pro-
ductivity.

A feature of each connection section of the battery con-
necting structure 500, which is formed as described above,
will be detailed.

On the board 300, three kinds of thin-film electrode section
are provided: thin-film electrode sections 320a, 3205 and
320c.

Among the above thin-film electrode sections, the thin-film
electrode section 320a is used to electrically connect the
following components: the positive electrode washer 321,
which is provided on one end portion of the board 300, and the
positive-electrode pulled-out tab 120 of a unit battery 100,
which is attached to one end portion of the board 300. That is,
a connection section in the thin-film electrode section 320a
functions as a positive-electrode pulled-out tab/positive elec-
trode washer connection section.

As for the unit battery 100 that is attached to one end
portion of the board 300, as indicated by a bending direction
b, and the like in FIG. 10, the positive-electrode pulled-out
tab 120 and negative-electrode pulled-out tab 130 thereof are
both bent in the same direction.

The thin-film electrode section 320c¢ is used to electrically
connect the following components: the negative electrode
washer 322, which is provided on the other end portion that is
different from one end portion of the board 300, and the
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negative-electrode pulled-out tab 130 of a unit battery 100,
which is attached to the other end portion of the board 300.
That is, a connection section in the thin-film electrode section
320c¢ functions as a negative-electrode pulled-out tab/nega-
tive electrode washer connection section.

Even as for the unit battery 100 that is attached to the other
end portion of the board 300, as indicated by a bending
direction b, and the like in FIG. 18, the positive-electrode
pulled-out tab 120 and negative-electrode pulled-out tab 130
thereof are both bent in the same direction.

The thin-film electrode section 3205 is used to electrically
connect the following components: the positive-electrode
pulled-out tab 120 of one unit battery 100, which is not
attached to both end portions of the board 300, and the nega-
tive-electrode pulled-out tab 130 of the other unit battery 100.
That is, a connection section in the thin-film electrode section
3205 functions as a pulled-out tab connection section for
connecting together the pulled-out tabs having different
polarities of a plurality of unit batteries 100.

As for the unit battery 100 that is not attached to both end
portions of the board 300 but relies on the above pulled-out
tab connection section for the pulled-out tabs to be connected,
as indicated by the bending directions b, b, and the like in
FIG. 13, the positive-electrode pulled-out tab 120 and the
negative-electrode pulled-out tab 130 are bent in opposite
directions.

The following describes a feature of the divider piece 260
on the battery connecting structure 500, which is formed as
described above. For example, as shown in FIG. 13, in a
connection section for the pulled-out tabs (120, 130), the
height h, of the divider piece 260 from the board 300 is
designed so as to be higher than the height h, of the pulled-out
tab connection bolt 257, which is used to connect the pulled-
out tabs (120, 130). The above dimensional relationship is
satisfied not only in the area shown in FIG. 13, but also for the
height of all the divider pieces 260 and the height of pulled-
out tab connection bolts 257 in all the connection sections.

Since the above configuration is employed, for example,
even when a conductive member approaches the board 300 of
the battery connecting structure 500, the divider pieces 260
serve as shields. Therefore, the conductive member does not
cause the pulled-out tab connection bolts 257 of the adjacent
connection sections to be short-circuited (For example, the
pulled-out tab connection bolt 257 of a connection section C,
shown in FIG. 18 and the pulled-out tab connection bolt 257
of'a connection section C, are not short-circuited; or alterna-
tively, the pulled-out tab connection bolt 257 of a connection
section C; and the pulled-out tab connection bolt 257 of a
connection section C, are not short-circuited).

In addition to the above advantageous effects, there are the
following advantageous effects. In a process of producing the
battery connecting structure 500, the pulled-out tabs (120,
130) of a unit battery 100 are inserted into the pulled-out tab
insertion holes 215 before being attached. Then, on the board
300, the pulled-out tabs (120, 130) are bent. In this case, since
there is the divider piece 260, the following production mis-
take is not made: the pulled-out tabs (120, 130) are bent in a
direction opposite to an original direction in which the pulled-
out tabs should be bent. Moreover, even if the pulled-out tabs
(120, 130) are bent in the direction opposite to the original
direction, the tabs do not go beyond the divider piece 260 to
reach a connection section that is not the original connection
section, because the length of the pulled-out tabs (120, 130)
and the height of the divider piece 260 are so set as to avoid an
unwanted electrical connection.
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The following describes processes of making a battery
pack of the present invention using the battery connecting
structure 500, which is formed as described above, with ref-
erence to FIGS. 19 to 26.

In a process shown in FIG. 19, to a first case body 600 that
houses the battery connecting structure 500, a discharge ter-
minal 613 and a charge terminal 614 are fixed with screws
with the help of a discharge terminal attachment concave
section 611 and a charge terminal attachment concave section
612, which are provided on the first case body 600.

In a process shown in FIG. 20, a first cushioning member
621 is attached to a second housing section 602 of the first
case body 600 with an adhesive or the like, and a second
cushioning member 622 to a circuit housing section 603.

In a process shown in FIG. 21, to a second housing section
662 of a second case body 660, a third cushioning member
663 is attached with an adhesive or the like.

In processes shown in FIGS. 22 and 23, to the battery
connecting structure 500, cushioning materials are attached.
In the battery pack of the present invention, two structures, i.e.
a first battery connecting structure 500 and a second battery
connecting structure 500, are stored in the battery pack. The
first battery connecting structure 500 and the second battery
connecting structure 500 are connected in parallel before
being used.

In a process shown in FIG. 22, as for the first battery
connecting structure 500, fourth cushioning members 504,
which are thick, are attached to an edge-portion unit battery
100; to all protective-side plate sections, fifth cushioning
members 505, which are thinner than the fourth cushioning
members 504, are attached. An adhesive or the like is used in
attaching the fourth cushioning members 504 and the fifth
cushioning members 505 to parts. In this case, a thermistor
530 (not shown in FIG. 22), which is temperature detection
means in the battery pack, is attached only to the first battery
connecting structure 500. The thermistor 530 detects a tem-
perature of the first battery connecting structure 500 and
transmits a detection signal thereof to a protective circuit
board 700.

Meanwhile, in a process shown in FIG. 23, as for the
second battery connecting structure 500, fourth cushioning
members 504 are attached to an edge-portion unit batter 100;
only to a one-side protective-side plate section, fifth cushion-
ing members 505 are attached. As in the case described above,
an adhesive or the like is used in attaching the fourth cush-
ioning members 504 and the fifth cushioning members 505 to
parts.

In a process shown in FIG. 24, a discharge terminal 613, a
charge terminal 614, a thermistor 530 and a protective circuit
board 700 are connected with wires. Moreover, the protective
circuit board 700 is fixed to the circuit housing section 603 of
the first case body 600 with screws.

In a process shown in FIG. 25, the first and second battery
connecting structures 500 are connected to the protective
circuit board 700 with wires. Moreover, the first battery con-
necting structure 500 is stored in the first housing section 601
of'the first case body 600, and the second battery connecting
structure 500 in the second housing section 602.

In a process shown in FIG. 26, the first case body 600 is
fixed to the second case body 660 with screws. As a result, a
battery pack 800 of the present invention is completed.

Here, the temperature detection means in the battery pack
800 of the present invention will be described. As described
above, the battery pack 800 of the present invention is formed
in such a way that two battery connecting structures 500 are
stored in the same case bodies 600 and 660. However, as
shown in FIG. 26, among the two battery connecting struc-
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tures 500, the thermistor 530 is provided, or attached, only on
the first battery connecting structure 500 that is housed in the
first housing section of the case body. Only temperature data,
detected by the thermistor 530, are transmitted to a circuit
provided on the protective circuit board 700, and are used to
control batteries.

The reason the thermistor 530 is provided in the first bat-
tery connecting structure 500 among the two battery connect-
ing structures 500 housed in the case bodies is that in the
battery pack 800 that is positioned for use, the first battery
connecting structure 500 is disposed at a vertically higher
position than the second battery connecting structure 500,
which is disposed at a lower position, and that the first battery
connecting structure 500 is in an environment where tempera-
tures could easily rise. FIG. 30 is a diagram showing how the
battery pack 800 of the embodiment of the present invention
is positioned when being used as a source of power for a
bicycle.

In the battery pack 800 of the present invention, the ther-
mistor 530 is attached to the first battery connecting structure
500, which is disposed in a vertically upper portion of the case
body, in which temperatures could easily rise, and is under a
thermally unfavorable condition. Temperature data are
acquired from the thermistor 530. Based on the temperature
data, control processes, such as a process of stopping dis-
charging, take place on the protective circuit board 700.
According to the above battery pack 800 of the present inven-
tion, it is possible to reduce the number of components and
costs, as well as to simplify the configuration of a circuit that
processes detection data of the thermistor 530.

Incidentally, according to the present embodiment, among
the two battery connecting structures 500 provided in the case
bodies, the thermistor 530 is provided in the battery connect-
ing structure 500 that is positioned in a vertically upper por-
tion when being used. However, the present invention can be
applied to the case where three or more battery connecting
structures 500 are provided in case bodies. That is, if three or
more battery connecting structures 500 are stored in case
bodies of a battery pack, the thermistor 530 is provided only
on the battery connecting structure 500 that is disposed at the
vertically highest position when being used.

The following describes the vibration resistance of the
battery pack 800, which is formed as described above. The
problem is that, if vibrations are continuously applied to the
battery pack that is formed in such a way that unit batteries,
which use a laminate casing material, are connected in series
and stacked, a corner portion of the laminate film casing
material of a unit battery could break through the laminate
film casing material of an adjacent unit battery, causing the
electrolytic solution or the like inside the unit battery to leak
and the battery pack to break down. To solve the problem, one
conceivable solution is to chamfer all the corner portions of
the laminate films of the unit batteries. However, another
problem arises that chamfering all the corner portions
requires more production processes, resulting in a rise in
production costs.

According to the present invention, while keeping the num-
ber of corner portions to be chamfered at a minimum level, it
is possible to increase reliability in terms of vibration resis-
tance. The configuration to achieve the above will be
described below with reference to FIG. 1 again.

The electrode laminated body, which includes the sheet
positive electrodes, sheet negative electrodes and separators,
and an electrolytic solution are stored in the laminate film
casing material, the periphery of which is then heat-sealed. As
aresult, the inside of the battery main unit 110 is hermetically
closed. From the first end portion 111 on the periphery, the
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positive-electrode pulled-out tab 120 and the negative-elec-
trode pulled-out tab 130 are taken out.

The following looks at the dimensional relationships of
fusion-bonding portions formed by heat-sealing on the lami-
nate film casing material. A fusion-bonding portion that is
formed in the first end portion 111 and indicated by c is
defined as a first fusion-bonding portion 117; a fusion-bond-
ing portion that is formed in the second end portion 112 and
indicated by d is defined as a second fusion-bonding portion
118. The fusion-bonding portions are both shaded in the
diagram. The fusion-welding lengths of the first fusion-bond-
ing portion 117 and second fusion-bonding portion 118 are
both defined as lengths in a direction in which tabs are taken
out.

In the unit battery 100 used in the present embodiment,
compared with the first fusion-welding length ¢ of the first
fusion-bonding portion 117, the second fusion-welding
length d of the second fusion-bonding portion 118 is set
shorter. When the stacked unit batteries 100 are used, if a
corner portion of the laminate film casing material of an
adjacent unit battery 100 comes in contact with the first
fusion-bonding portion 117 and rubs against the first fusion-
bonding portion 117, the possibility is very low that the first
fusion-bonding portion 117 would break. By contrast, if a
corner portion of the laminate film casing material of an
adjacent unit battery 100 comes in contact with the second
fusion-bonding portion 118 and rubs against the second
fusion-bonding portion 118, the possibility is relatively high
that the second fusion-bonding portion 118 will break.

Therefore, according to the present embodiment, two sec-
ond-end-side corner portions 116 in the second end portion
112 are chamfered to form chamfered portions 119 at both
corner portions. As a result, even if vibrations are applied to
the battery pack 800, the second-end-side corner portions
116, on which the chamfered portions 119 are formed, do not
affect the second fusion-bonding portion 118 of an adjacent
unit battery 100. Therefore, the leakage of electrolytic solu-
tion and other troubles do not occur, resulting in an increase in
reliability.

On the other hand, in the first end portion 111, even if a
first-end-side corner portion 115 of the laminate film casing
material of an adjacent unit battery 100 comes in contact with
the first fusion-bonding portion 117 and rubs against the first
fusion-bonding portion 117 because of vibrations applied to
the battery pack 800, the possibility is very low that the first
fusion-bonding portion 117 would break. Thus, it is possible
to curb an increase in the number of production processes
without forming chamfered portions on the two first-end-side
corner portions 115 of the first end portion 111.

The following describes a preferred dimensional relation-
ship between the first fusion-welding length ¢ and the second
fusion-welding length d in producing the battery pack of the
present invention.

The first fusion-welding length ¢ of the unit battery 100
used in the present embodiment is 19+1 mm, and the second
fusion-welding length d 6+1 mm. For any fusion-welding
length, “+1 mm” means a manufacturing error. The above
fusion-welding lengths are determined based on the follow-
ing grounds.

First, in any fusion-bonding portion of the unit battery 100,
it is desirable that the fusion-welding width thereof be greater
than or equal to 5 mm in order to ensure the sealing charac-
teristics of the laminate film casing material.

The second fusion-welding length d, which is a fusion-
welding width of the second fusion-bonding portion 118, is
set longer than required to 61 mm given a manufacturing
tolerance and the like.
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Moreover, when the first fusion-welding length ¢, which is
a fusion-welding width of the first fusion-bonding portion
117, is set to about 18 mm or more and when the battery pack
is formed, the possibility is very low that the first fusion-
bonding portion 117 would break even if the first-end-side
corner portions 115 of adjacent unit batteries 100 rub against
each other. Therefore, it is possible to increase the reliability
of'the battery pack. Thus, in the unit battery 100 of the present
embodiment, the first fusion-welding length ¢ is set longer
than required to 19+1 mm given a manufacturing tolerance
and the like.

Given the above, in order to set the dimensional relation-
ship between the first fusion-welding length ¢ and the second
fusion-welding length d, a ¢/d value, which is obtained by
dividing the first fusion-welding length ¢ by the second
fusion-welding length d, is calculated: ¢/d=(19+1)/(6+1). The
c/d value is preferably a predetermined value greater than, or
equal to, a value that is obtained under the most unfavorable
condition. Therefore, it is preferred that c/d=(19-1)/
(641)=2.5. That is, in the battery pack of the present inven-
tion, the ¢/d value, obtained by dividing the first fusion-
welding length ¢ by the second fusion-welding length d, is
preferably greater than or equal to 2.5.

Inthe above battery pack 800 of the present invention, there
are chamfered portions 119 at both corner portions in the
second end portion 112 whose fusion-welding length is short.
Therefore, it is possible to curb an increase in the number of
production processes when the battery pack 800 is being
produced, as well as to prevent the breaking of the laminate
films of adjacent unit batteries 100 even when the battery
pack 800 is in use and exposed to vibrations. Thus, the leak-
age of electrolytic solution and other troubles do not occur,
resulting in an increase in reliability.

Incidentally, according to the present embodiment, when
the two second-end-side corner portions 116 of the second
end portion 112 are chamfered, the chamfered portions 119
are formed by cutting the second-end-side corner portions
116 linearly. However, the second-end-side corner portions
116 may be cut in a way that draws an arc, forming the
chamfered portions 119 having “R.”

Moreover, according to the present embodiment, an
example of the unit battery 100 has been described in such a
way that fusion-bonding portions are provided on all the four
sides of the laminate film casing material. However, the
present invention is not limited to the above unit battery 100.
The present invention may be applied to a unit battery in
which fusion-bonding portions are provided on three sides of
the laminate film casing material. Such a unit battery 100 will
be described with reference to FIG. 31.

FIG. 31 is a diagram showing another example of a unit
battery 100, which makes up the battery pack 800. A battery
main unit 110 of the unit battery 100 shown in FIG. 31 has a
structure in which the following components are stored in a
laminate film casing material: an electrode laminated body, in
which a plurality of sheet positive electrodes and a plurality of
sheet negative electrodes are stacked via separators, and an
electrolytic solution (both not shown). The laminate film
casing material is folded back at the second end portion 112,
and three sides, i.e. the first end portion 111 and two side end
portions 113, are fusion-welded in total. The unit battery 100
is so formed that the electrode laminated body and the elec-
trolytic solution are enclosed within the laminate film casing
material.

Even when the above unit battery 100 is used, two second-
end-side corner portions 116 in the second end portion 112
are chamfered to form chamfered portions 119 at both corner
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portions. Therefore, it is possible to achieve similar advanta-
geous effects to those in the above-described case.

More specifically, even in the following battery pack, it is
possible to achieve similar advantageous effects to those in
the above-described case: a battery pack in which a plurality
of unit batteries 100 is connected in series, with the unit
batteries 100 including a positive-electrode pulled-out tab
120, a negative-clectrode pulled-out tab 130, and a laminate
casing member in which a first end portion 111, from which
the positive-electrode pulled-out tab 120 and the negative-
electrode pulled-out tab 130 are pulled out, a second end
portion 112, which faces the first end portion 111 and on
which no fusion bonding takes place, a first fusion-bonding
portion 117, which has a first fusion-welding length in a
direction in which a tab is pulled out at the first end portion
111, and chamfered portions 119, which are positioned at
both second-end-side corner portions 116 of the second end
portion 112, are provided. That is, according to the above
configuration, even if vibrations are applied to the battery
pack 800, the second-end-side corner portions 116, on which
the chamfered portions 119 are formed, do not affect an
adjacent unit battery 100. Therefore, the leakage of electro-
Iytic solution and other troubles do not occur, making it
possible to provide a highly reliable battery pack 800.

INDUSTRIAL APPLICABILITY

The present invention relates to a secondary battery pack
such as lithium-ion battery that has been increasingly used in
the field of power storage devices of mobile objects and other
fields in recent years. Such a battery pack is made by con-
necting a plurality of unit batteries in series. The problem is
that so far connection work is inefficient, and is low in pro-
ductivity. According to the present invention, the battery pack
of'the present invention is made in such a way that pulled-out
tabs of different polarities of a plurality of unit batteries are
connected together on a board. Therefore, in producing the
battery pack, work efficiency is high, resulting in an improve-
ment in productivity. As a result, it is possible to achieve mass
production and provide inexpensive secondary battery packs,
and industrial applicability is very high.

EXPLANATIONS OF REFERENCE SYMBOLS

100 . . . unit battery

105 . . . electrode laminated area

110 . . . battery main unit

111 . . . first end portion

112 . . . second end portion

113 . . . side end portion

115 . . . first-end-side corner portion
116 . . . second-end-side corner portion
117 . . . first fusion-bonding portion

118 . . . second fusion-bonding portion
119 . . . chamfered portion

120 . . . positive-electrode pulled-out tab
125 .. . adding tab member

127 .. . hole

130 . . . negative-electrode pulled-out tab
137 .. . hole

200 . . . holder member

203 . . . pulled-out tab guide rib

210 . . . first surface

211 .. . first row

212 ... second row

213 . . . pulled-out tab guidance section
214 . . . pulled-out tab guidance concave section
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215 . . . pulled-out tab insertion hole
220 . . . pulled-out tab guide projecting section
221 . .. top section
222 .. . tapered side
230 . . . humping section
250 . . . second surface
251 . . . bridging structure section
255 . .. nut housing section
256 ... nut
257 . . . pulled-out tab connection bolt
260 . . . divider piece
263 . . . positioning projection section
270 . . . screw hole
271 .. . board fixing screw
300 ... board
314 . . . pulled-out tab guidance notch section
315 .. . pulled-out tab extraction hole
316 . . . pulled-out tab/divider piece extraction hole
317 .. . divider piece extraction hole

320a,3205,320¢ . . . thin-film electrode section
321 ... metallic positive electrode washer

322 . .. metallic negative electrode washer
325 ... pulled-out tab connection screw hole
328 . .. positioning hole

329 ... board fixing screw hole

331,332 . .. terminal member

340 . . . connector

400 . . . battery protective member
410 . . . flat-plate section

420 . . . notch section

421 . . . first notch section

422 .. . second notch section

423 . . . third notch section

440 . . . protection-side plate section
460 . . . two-sided adhesive tape
500 . . . battery connecting structure
504 . . . fourth cushioning member
505 . . . fifth cushioning member
530 . . . thermistor

600 . . . first case body

601 . . . first housing section

602 . . . second housing section

603 . . . circuit housing section

611 . . . discharge terminal attachment concave section
612 .. . charge terminal attachment concave section
613 .. . discharge terminal

614 . . . charge terminal

621 . . . first cushioning member
622 .. . second cushioning member
660 . . . second case body

661 . . . first housing section

662 . . . second housing section

663 . . . third cushioning member
673 .. . circuit housing section

700 . . . protective circuit board

800 . . . battery pack

The invention claimed is:

1. A battery pack, comprising:

aplurality of unit batteries that include a positive-electrode
pulled-out tab and a negative-electrode pulled-out tab;
and

a board on which pulled-out tab connection sections are
formed to connect the pulled-out tabs of different polari-
ties of adjacent unit batteries,
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wherein the positive-electrode and negative-electrode
pulled-out tabs of the unit battery, which is disposed on
one end portion of the board, are both bent in the same
direction.

2. A battery pack, comprising:

aplurality of unit batteries that include a positive-electrode
pulled-out tab and a negative-electrode pulled-out tab;
and

a board on which pulled-out tab connection sections are
formed to connect the pulled-out tabs of different polari-
ties of adjacent unit batteries,

wherein the positive-electrode and negative-electrode
pulled-out tabs of the unit battery, which is disposed on
one end portion of the board, are both bent in the same
direction, and the positive-electrode and negative-elec-
trode pulled-out tabs of the unit battery, which is dis-
posed on another end portion of the board, are both bent
in the same direction.

3. A battery pack, comprising:

aplurality of unit batteries that include a positive-electrode
pulled-out tab and a negative-electrode pulled-out tab;
and

a board on which pulled-out tab connection sections are
formed to connect the pulled-out tabs of different polari-
ties of adjacent unit batteries,

wherein the positive-electrode and negative-electrode
pulled-out tabs of the unit battery, whose pulled-out tabs
are connected by the pulled-out tab connection section,
are bent in opposite directions.

4. A battery pack, comprising:

aplurality of unit batteries that include a positive-electrode
pulled-out tab and a negative-electrode pulled-out tab;
and

a board on which pulled-out tab connection sections are
formed to connect the pulled-out tabs of different polari-
ties of adjacent unit batteries,

wherein a divider piece is provided between the pulled-out
tab connection sections, and the height of the divider
piece from the board is higher than the height of a bolt
used to connect pulled-out tabs in the pulled-out tab
connection section.

5. A battery pack, comprising:

aplurality of unit batteries that include a positive-electrode
pulled-out tab and a negative-electrode pulled-out tab;

a board on which pulled-out tab connection sections are
formed to connect the pulled-out tabs of different polari-
ties of adjacent unit batteries; and

a holder member that is fixed to the board and includes
holes into which the positive-electrode and negative-
electrode pulled-out tabs of a plurality of the unit batter-
ies are inserted.

6. The battery pack according to claim 5, wherein

guide projecting sections are provided on the holder mem-
ber in such a way that the holes are sandwiched therebe-
tween.

7. The battery pack according to claim 6, wherein

tapered sides are provided on the guide projecting sections.

8. The battery pack according to claim 5, wherein:

the pulled-out tabs of different polarities of adjacent unit
batteries are connected in the pulled-out tab connection
section with connection members; and

aplurality of the holes are provided on the holder member,
and bridging structure sections are provided between a
plurality of the holes.

9. The battery pack according to claim 8, wherein

the connection members are bolts and nuts.
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10. The battery pack according to claim 9, wherein

nut housing sections are provided in the bridging structure
sections to house the nuts.

11. The battery pack according to claim 8, wherein

a divider piece, which is disposed between the pulled-out
tab connection sections, is provided in the bridging
structure section.

12. The battery pack according to claim 8, wherein

apositioning projecting section is provided in the bridging
structure section and used to position the board and the
holder member.

13. The battery pack according to claim 8, wherein

a screw hole, into which a fixing screw for fixing the board
to the holder member is screwed, is provided in the
bridging structure section.
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